Background: Although growing evidence suggests that dietary patterns associated with noncommunicable diseases in adulthood may develop early in life, when these are established, as well as their determinants, remains unclear. Methods: We examined determinants and tracking of a dietary pattern (DP) associated with metabolic risk and its key food groups among 860 adolescents in the Western Australian Pregnancy (Raine) Cohort study. Food intake was reported using a food frequency questionnaire (FFQ) at 14 and 17 years. Z-scores for an 'energy-dense, high-fat, low-fibre' DP were estimated by applying reduced rank regression at both ages. Tracking was based on the predictive value (PV) of remaining in the DP Z-score or food intake quartile at 14 and 17 years. Early-life exposures included: maternal age; maternal pre-pregnancy body mass index; parent smoking status during pregnancy; and parent socio-economic position (SEP) at 14 and 17 years. Associations between the DP Z-scores, early-life factors and SEP were analysed using regression analysis. Results: Dietary tracking was strongest among boys with high DP Z-scores, high intakes of processed meat, low-fibre bread, crisps and savoury snacks (PV > 1) and the lowest intakes of vegetables, fruit and legumes. Lower maternal education (b = 0.09, P = 0.002 at 14 years; b = 0.14, P < 0.001 at 17 years) and lower maternal age at birth (b = 0.09, P = 0.003 at 14 years; b = 0.11, P = 0.004 at 17 years) were positively associated with higher DP Z-scores. Conclusions: An energy-dense, high-fat, low-fibre dietary pattern tracks more strongly among adolescent boys who have high scores for this pattern at 14 years of age. These findings highlight target foods and population subgroups for early interventions aiming to improve dietary behaviours.
Significance
What is already known on this subject?
1 In this cohort, an 'energy-dense, high-fat, low-fibre' dietary pattern during adolescence is linked with greater overall metabolic risk and this dietary pattern tracks over adolescence at the population level; however, individual level tracking of this dietary pattern and its key food groups is unknown. 2 Although many studies have examined the influence of early-life and parental factors on children's diet quality and health outcomes, these have not been explored in relation to a dietary pattern specifically linked with metabolic risk factors during adolescence.
What this study adds 1 Understanding the dietary patterns and their key food groups that are most or least likely to track, assists in identifying nutrition targets for interventions to improve adolescent diet quality 2 Tracking was strongest among low consumers of vegetables, fruits, legumes, high-fibre bread and yogurts, which conferred a higher score for this dietary pattern, particularly among boys.
Introduction
Growing evidence suggests that diet and lifestyle factors in childhood and adolescence impact on the risk of developing obesity, diabetes and coronary heart disease in adulthood (1, 2) . Therefore, understanding the stability or tracking of specific childhood dietary patterns that are predictive of health outcomes in adults may provide valuable information for the early prevention of noncommunicable disease risk factors. Understanding the determinants of such dietary patterns may provide important information for interventions to improve dietary intakes to specific subgroups at the highest risk of future ill-health.
The concept of tracking in epidemiological studies refers to the consistency of measurements on an individual over a period of time (3, 4) . Several observational studies have evaluated the tracking of nutrient and single food group intakes between childhood and adulthood (5) (6) (7) (8) (9) (10) . However, few prospective studies have examined the tracking of empirical dietary patterns that summarise total dietary intake and take into account the correlations between foods and nutrients consumed together in a mixed diet, or their key food components, in children and adolescents (2, 4, 11, 12) . Adolescence is a period of major physiological and psychological development and may be a key period in the formation of lifelong dietary habits (4, 13) . We previously identified an 'energy-dense, high-fat, low-fibre' dietary pattern among adolescents in the Western Australian Pregnancy (Raine) Cohort Study at 14 and 17 years of age (14) . This age span is significant because it represents a key transition period during adolescence that correlates with major pubertal changes and increases in personal autonomy (e.g. a drivers license may be obtained at 17 years of age in Australia), both of which may affect food choices. This dietary pattern was prospectively associated with greater overall metabolic risk and fasting blood glucose in boys, higher waist circumference in girls and increased insulin resistance in both boys and girls between 14 and 17 years (15) . Tracking coefficients for this dietary pattern demonstrated moderate tracking between 14 and 17 years in both boys [r = 0.51; 95% confidence interval (CI) = 0.43-0.58) and girls (r = 0.45; 95% CI = 0.37-0.52) (15) ; however, this summarises tracking at the population level only and does not signify whether dietary pattern scores are consistently high or low in the study population. To help identify targets for interventions to improve dietary patterns in young people, information on dietary pattern tracking at the individual-level, as well as the determinants of tracking, is needed. For example, understanding the food groups within this pattern that show stronger or weaker tracking, can help to identify dietary targets that may be more or less amenable to change. Similarly, identifying whether tracking is stronger among high or low consumers of key food groups in the pattern, can help to confirm critical timing and population subgroups for intervention. In the present study, we examine the individual-level tracking of the 'energydense, high-fat, low-fibre' dietary pattern and its most influential food groups in the Raine Study between 14 and 17 years and evaluate the influences of early-life exposures and parental socio-economic factors on the dietary pattern.
Materials and methods
Full details of the study population have been described previously (16) . In brief, a total of 2900 pregnant women were recruited at 16-20 weeks of gestation through public antenatal clinics at King Edward Memorial Hospital and nearby private clinics in Perth, Western Australia, between May 1989 and November 1991. Their 2868 live births have been followed up regularly from birth. This study utilises comprehensive dietary data collected at the 14 and 17 year follow-ups. The human ethics committees of King Edward Memorial Hospital for Women and the Princess Margaret Hospital for Children, Perth, Western Australia, approved the recruitment and all protocols for the study. Informed and written consent was provided by study participants or their primary caregiver for all follow-ups.
Dietary assessment
An evaluated semi-quantitative food frequency questionnaire (FFQ) was used to estimate habitual dietary intake over the previous 12 months at 14 and 17 years of age (17) . Completed FFQs were checked by a research nurse and missing or unclear responses were rectified with the adolescents during their physical assessment sessions. Intakes of all 227 food items listed in the FFQ were collapsed into 46 and 47 major food groups at 14 and 17 years, respectively, based on nutrient profiles or culinary usage and their hypothesised contribution to obesity (14) . A food group including alcoholic beverages was added at 17 years.
Dietary patterns
The method used to identify an 'energy-dense, high-fat, low-fibre' dietary pattern at 14 and 17 years of age in the Raine Study has been described previously (14) . Briefly, the reduced rank regression (RRR) model included intakes of all predefined major food groups (g per day) as predictor variables and three dietary response variables hypothesised to be associated with obesity risk: dietary energy density (MJ g À1 food), percentage energy from total fat, and fibre density (g fibre MJ -1 ). A total of 1611 participants at 14 years and 1009 participants at 17 years had dietary data for the dietary pattern analyses. An 'energy-dense, high-fat and low-fibre' dietary pattern explained the majority of the total variation in all three response variables at 14 and 17 years (58% and 53%, respectively) and matched our hypothesis of a dietary pattern positively associated with obesity (14) . Each individual received a Z-score for the dietary pattern discriminating how closely their dietary intake corresponds to the pattern. Intakes of food groups with positive factor loadings increase the individual Z-score, whereas intakes of food groups with negative factor loadings decrease the Z-score. The larger the food group factor loading, the greater the contribution of that food group to the dietary pattern. The factor loadings in Fig. 1 show that the dietary pattern was broadly similar at both ages. The 10 key food groups in the 'energy-dense, high-fat, low-fibre' dietary pattern were determined as the five food groups having the strongest positive factor loadings (processed meat, chocolate and confectionery, low-fibre bread, crisps and savoury snacks, and fried and roasted potatoes) plus the five food groups with the strongest negative factor loadings (i.e. fresh fruits, vegetables, legumes, high-fibre bread and yoghurts) (Fig. 1 ). Participants were categorised into quartiles of dietary pattern Z-scores and quartiles of the 10 key food groups (g day -1 ) based on their distribution, at each time point (see Supporting information, Table S1 ).
Early-life exposures
Maternal factors during pre-pregnancy and pregnancy, such as maternal body weight and smoking status, may have a direct or indirect (e.g. as a lifestyle marker) influence on the development of offspring obesity and other metabolic risks (18) . In the present study, information on early-life exposures was collected using detailed questionnaires, including: maternal smoking status (yes/no) at 18 and 34 weeks of gestation; paternal smoking status (yes/ no) at 18 weeks of gestation; maternal age at child birth (years); maternal pre-pregnancy weight was self-reported and height was measured at the time of study enrolment (16-20 weeks of gestation).
Parental socio-economic position
Several studies suggest that parental socio-economic factors are closely associated with children's dietary intake (2, 19, 20) . Identifying the socio-economic determinants of a dietary intake is important for identifying targeted strategies to improve dietary intakes. Information on parent socio-economic position (SEP) indicators was measured using a standardised questionnaire at 14 and 17 years. This comprised categories of maternal education represented by years of education attained: <10 years (junior high school), 10-12 years (senior high school), >12 years (higher education); categories of maternal employment status (employed and not-employed); maternal working hours; categories of household income in Australian dollars (<35 000, 35-50 000, >50-70 000, >70-104 000 and >104 000); and categories of family structure (twoparent including those who were married or de facto and single-parent, reflecting those separated, divorced, widowed or never married). For maternal employment status, categories of paid job and unpaid job were treated as employed, whereas no job was treated as not-employed.
Statistical analysis
Only those participants who completed the FFQ at both ages (n = 860) were included in the tracking analysis.
Tracking was indicated by using a predictive value for remaining in the same quartile of the dietary pattern Zscore or food group intake at 14 and 17 years. This was based on the proportion of individuals who remained in the same quartiles at 14 and 17 years, divided by those who moved into different quartiles between 14 and 17 years. A predictive value of greater than one indicates that more individuals stayed in the same quartiles than moved, while a predictive value of <1 indicates fewer individuals stayed in the same quartile than moved (21) . Because the smallest and largest values are located in the lowest (quartile 1) and highest quartile (quartile 4), respectively, greater consideration was given to those participants placed in these extreme quartiles.
To determine the early-life and SEP determinants of 'energy-dense, high-fat, low-fibre' dietary pattern Z-scores at 14, and at 17 years, univariate linear regression models were first used to test each of the early-life and SEP variables as likely determinants. Those that showed statistically significant differences across the quartiles of dietary pattern Z-scores or with continuous dietary pattern Z-scores (at 14 or 17 years) were then included in a multivariable linear regression model to identify the strongest determinants, based on the resulting b coefficients and associated P-values (see Supporting information, Table S2 ). These statistical analyses were conducted using STATA, version 12 (StataCorp, College Station, TX, USA) with an alpha level of 0.05.
Results
Characteristics of early-life exposures and parental socio-economic factors Characteristics of the cohort at 14 and 17 years have been reported elsewhere (15) . Table 1 shows that boys and girls had similar early-life factors, with the exception of smoking status at 18 weeks of pregnancy, which was more prevalent among the mothers of girls. The prevalence of maternal smoking during pregnancy was high in the present study, with almost 30% of mothers smoking in the third trimester. Table 2 shows that (45%) of the mothers in this cohort had more than 12 years of education (completed more than senior high school) and three-quarters were employed when the study adolescents were 14 and 17 years (73%).
Tracking of dietary pattern Z-scores and the key food groups Table 3 shows the predictive values of remaining in either the lowest or highest quartiles for the dietary pattern Zscores and food group intakes for 860 adolescents who completed the FFQ at 14 and 17 years. The dietary pattern scores tracked most strongly for boys who were in the highest quartile at 14 years (predictive value >1 in quartile 4). For girls, the predictive values were <1 in both extreme quartiles, suggesting more movement between quartiles and weaker tracking of the dietary pattern between 14 and 17 years. Among boys, a high intake of foods positively loaded onto the dietary pattern, particularly processed meat, low-fibre bread, crisps and savoury snacks, showed stronger tracking than low intakes (Table 3 ). This indicated that high consumers were more likely to remain high consumers, whereas low consumers were more likely to move to different quartiles. By comparison, girls showed much weaker tracking for high intakes of foods positively loaded onto the dietary pattern (predictive values <1 in quartile 4). For girls, tracking was also weak among low consumers of these foods (with the exception of low processed meat intakes, which tracked strongly for girls). However, girls appeared more likely to remain low consumers than high consumers of these foods, than boys. 
Data is presented as the mean (SD).
P-value for comparisons between boys and girls.
The strongest tracking for any food groups was seen among boys who were low consumers of foods negatively loaded onto the pattern (vegetables, fruit, legumes, highfibre bread and yoghurts); positive predictive values ranged from 1.14 for legumes to 1.92 for yoghurts (Table 3) . By comparison, the tracking of these food groups was weaker and more mixed for girls; however, the predictive values suggest that, similar to boys, tracking was stronger for girls who were low consumers of these food groups than high consumers ( Table 3) .
Determinants of an 'energy-dense, high-fat, low-fibre' dietary pattern
Because there were few differences in early-life and SEP characteristics between girls and boys (Table 1 and 2), the regression analysis was not stratified by sex. Univariate analyses indicated maternal age at child birth, paternal smoking (18 weeks of gestation), maternal smoking (34 weeks of gestation), maternal education and family structure as having significant associations with dietary pattern Z-scores (see Supporting information, Table S1 ). Maternal smoking status at 18 weeks of gestation was strongly correlated with maternal smoking status at 34 weeks of gestation; therefore, only the latter was included in the multiple regression model, indicative of a sustained smoking during pregnancy. Maternal body mass index, employment status, working hours and annual household income were not associated with dietary pattern Z-scores.
Multiple regression analysis indicated that a greater maternal age at birth was associated with a lower dietary pattern Z-score (b = À0.09 at 14 years and b = À0.11 at 17 years, P < 0.05) ( Table 4) . Adolescents whose fathers smoked during their gestation had, on average, a 0.10 SD unit (P = 0.049) higher dietary pattern Z-score at 14 years than those whose fathers did not smoke. Maternal smoking at 34 weeks of gestation was not a significant determinant of the adolescent dietary pattern Z-score at 14 or 17 years (Table 4) .
Adolescents whose mothers had up to 12 years of education had a significantly higher dietary pattern Z-score at 14 and 17 years of age than adolescents whose mothers received more than 12 years of education (Table 4 ). Family structure was not a significant determinant of the adolescent's dietary pattern score at 14 or 17 years (Table 4) .
Discussion
These findings highlight several aspects of dietary pattern tracking in this adolescent cohort, including the contributions of different food groups, which are helpful for guiding interventions to improve dietary intakes in young people.
Individual scores for an energy-dense, high-fat, lowfibre dietary pattern tracked most strongly for boys with the highest scores. However, tracking of the dietary pattern was less evident among girls and among boys with low scores for this pattern.
Food group analyses showed that tracking was the strongest among boys who consumed low intakes of 'healthy' foods (vegetables, fruit, legumes, high-fibre bread and yoghurts) negatively associated with the energy-dense, high-fat, low-fibre dietary pattern. This was only partly reflected among girls who were low consumers (fruit and yoghurt only). However, high intakes of these 'healthy' food groups appeared less likely to track than low intakes in both boys and girls (predictive values all <1), indicating less stability in healthier dietary habits. High intakes of some foods positively associated with the dietary pattern (processed meat, low-fibre bread, crisps and savoury snacks) tracked to 17 years but, again, this was observed in only boys. Taken together, this indicates that interventions aimed specifically at engaging adolescent boys may be needed. Given that low intakes of 'healthy foods' are most likely to be maintained (at least among adolescent boys in this study), interventions to address this may be more successful if introduced at younger ages. However, studies investigating the drivers A predictive value of greater than one indicates that more individuals stayed in the same quartiles than have moved, whereas a predictive value of <1 indicates the opposite (22) .
of poor dietary choices among adolescent boys may be needed to further guide decisions on interventions in this group. Despite evidence of dietary tracking for extreme quartiles of intake, many adolescents did not maintain their positions between the two time-points, suggesting that adolescent dietary intake is also subject to change, thus providing opportunities for effective interventions to promote healthier dietary patterns. The less consistent tracking observed for girls in the present study suggests that they may be more amenable to improving their dietary intakes than boys.
Few studies have reported the tracking of food group intakes according to high and low levels of consumption in young people. Patterson et al. (21) reported the tracking of high intakes of selected food groups between 9 and 15 years of age among 273 children in the European Youth Heart Study. The predictive values for high intakes of vegetables (0.55), fruit (0.76), sweets and chocolate (0.43), crisps and chips (0.22) were comparable to those reported in the present study (indicating weak tracking; sex-specific results were not reported), despite relying on a single 24-h dietary recall at each time point, and the inclusion of a younger group of children and longer follow-up (21) . A similar set of food groups was tracked between 7 and 15 years of age in the UK Avon Longitudinal Study of Parents and Children (ALSPAC), with findings comparable to ours. The strongest tracking was observed in children who had the lowest intakes of 'healthy foods' (fruit, vegetables, high fibre bread, legumes, high-fibre breakfast cereals) compared to high consumers of these foods and both high and low consumers of 'unhealthy' food groups (e.g. chocolate and confectionery, low-fibre bread, processed meat, cakes and biscuits) (2) . Of the maternal factors examined in the present study, only lower maternal education and age at child birth were associated with scores for the dietary pattern at 14 and 17 years of age. Higher maternal education has been shown as one of the key factors associated with knowledge about nutrition and health, as well as good diet quality in children (22) (23) (24) . Children's eating habits and food preferences are modelled on parental personal preferences, attitudes, knowledge and understanding of the importance of healthy dietary intakes (24) . An analysis in ALSPAC found that lower scores for an 'energy-dense, high-fat, low-fibre' dietary pattern at ages 5, 7 and 13 years were observed in children whose mothers had a higher education level (2, 20) . This is consistent with our findings and those of other studies that have used empirical methods to identify similar dietary patterns in child cohorts (19, (25) (26) (27) (28) . 'Unhealthy' dietary patterns have been observed in children and adolescents of younger mothers (19, (29) (30) (31) . Diets of young women may be different from those of older women, possibly because older women may have had more opportunity to gain greater nutrition knowledge or experience in meal planning and food preparation. In the Southampton Women's Study, infants with higher scores for an 'infant guidelines' dietary pattern characterised by high consumption of fruit, vegetables and home-made foods were more likely to have older mothers compared to those who had lower scores for this dietary pattern (P < 0.001) (19) . In the same study, mothers of infants having higher scores for an 'adult food' dietary pattern characterised by high intakes of bread, savoury snacks, biscuits and chips were more likely to be younger rather than older mothers (19) . Two analyses conducted at different time points in the ALSPAC cohort concluded that 'healthy' dietary patterns were associated with higher maternal age, whereas children of younger mothers were more likely to have 'unhealthy' dietary patterns (27, 29) . In the present study, higher scores for an 'energy-dense, high-fat, low-fibre' dietary pattern in participants at 14 years was weakly linked to paternal smoking habits. This suggests that health behaviours of fathers, and not only mothers, may be associated with their child's diet quality. A cross-sectional analysis among Raine Study adolescents at 14 years reported a significantly higher 'Western' dietary pattern score (based on factor analysis) in adolescents whose parents smoked; conversely, adolescents with nonsmoking parents had a higher score for a 'Healthy' dietary pattern (28) . The strengths of the present study include a large sample size, analysis of a range of maternal and paternal factors as potential determinants of the dietary pattern associated with greater metabolic risk in adolescents. However, some limitations must be acknowledged. The estimation of self-reported dietary intakes using a FFQ is not without limitations; however, it provides important information on the composition of the diet, which is exploited here by the empirical dietary pattern analysis. The dietary pattern identified using a FFQ in our study cohort has shown moderate reliability when evaluated against a 3-day food record among adolescents at 14 years (14) . Nonetheless, residual error and dietary misreporting cannot be ruled out because the FFQ was completed by the parents of the study respondents at 14 and at 17 years, with the respondents reporting their own dietary intakes. Other limitations related to the derivation of the dietary patterns using RRR including measurement and correlated errors inherent to the dietary assessment method have been discussed previously (15) .
Conclusions for practice
Tracking an energy-dense, high-fat, low-fibre dietary pattern associated with greater metabolic risk in adolescence has provided insights that may guide interventions to improve the dietary intakes of young people, aiming to reduce their risk of noncommunicable disease in adulthood. Adolescents, particularly boys, who have established poor dietary intakes by the age of 14 years are most likely to continue these into later adolescence. Early interventions aimed at engaging boys to increase their intakes of fruit, vegetables and other healthful food groups are deserving of particular consideration. The observed associations between lower maternal education, younger maternal age at birth and paternal smoking, highlight subgroups of the population who may benefit the most from early interventions to help establish healthy dietary patterns in childhood. Research examining other social and environmental determinants of dietary choice in young people is warranted to inform wider public health action to improve population dietary intakes. 
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